In an effort to further understanding of the "alcohol/income puzzle" -the finding that moderate and perhaps even heavy drinking appears to cause increased income -this paper presents maximum simulated likelihood estimates of a system of limited dependent variables governing smoking and drinking patterns and income. With all else in the system held constant, moderate drinking leads to 10% greater income than drinking abstention, whereas heavy drinking does not cause lower wages than moderate drinking. Smoking is associated with larger effects on income than drinking: Single-equation estimates suggest smokers earn 8% less than non-smokers, and the smoking penalty rises to 24% after correcting for endogeneity.
1 Introduction.
The causal relationships between health and labor market outcomes are the subject of much attention in both the health and labor economics literatures.
The possibly counterintutive but oft replicated finding that moderate and sometimes even heavy drinking increases wages, the "alcohol-income puzzle," has been of particular interest recently (Berger and Leigh 1988 , Cook 1991 , Heien 1996 , French and Zarkin 1998 , MacDonald and Shields 1998 ).
This result is consistent with the medical literature which finds that moderate alcohol consumption may increase health (Turner, Bennett and Hernandez 1981, Shaper 1988) , but remains even after controlling for health status and correcting for endogeneity of alcohol use. However, Mullahy and Sindelar (1989 find that drinking problems are associated with lower income, and the existence of a penalty for heavy versus moderate drinking is in dispute Zarkin 1995, Hamilton and Hamilton 1997) . The effect on income of the second most common substance of abuse in the Western world, tobacco, has received relatively little attention in the literature. Leigh and Berger (1989) , Levine, Gustafon, and Velenchik (1995) , Van Ours (2002) and Heineck (2002) all find that smoking is associated with lower wages. This 1 study extends previous results in this literature by presenting estimates of the effects of drinking patterns and smoking on income, treating use of both substances as potentially endogenously determined.
The effect of drinking is usually estimated without controlling for smoking status. Smoking and drinking are, however, highly correlated, therefore failing to control for one when estimating the effect of the other may lead to serious bias. Kenkel and Wang (1998) , for example, discover that controlling for smoking reduces the estimated impact of drinking on receiving major fringe benefits.
The possible endogeneity of substance abuse to income has been emphasized in the literature. Changes in income may cause changes in abuse patterns leading to "reverse" causation in wage equations. Further, unobserved personal characteristics, such as rate of time preference, may affect both substance use decisions and wages. Studies estimating the impact of alcohol use on labor market outcomes which treat substance abuse as exogenous often come to significantly different conclusions from those which do not. These estimates are often implausible in magnitude and are not consistent across studies.
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The econometric model developed in this study is novel in several re-1 For example, Zarkin et al. (1998) do not report estimates from an instrumental variables approach since the estimated effects of alcohol use range from 50% to 200%. Berger and Leigh (1988) estimate returns to alcohol use of 45% for males, whereas the effect is 8% when drinking is treated as exogenous. Hamilton and Hamilton (1997) estimate heavy drinking reduces income by -76%; the effect is -7% when drinking in treated as exogenous. Heien's (1996) estimates show a return on alcohol consumption of up to roughly $8,900 when mean incomes are roughly $18,000, implying a return to drinking of up to just under 50%. 2 spects. It incorporates the nonlinearities induced by qualitative and limited endogenous outcomes by embedding both multinomial probit and probit selection models for drinking and smoking status. The equation of primary interest governing income contains multiple endogenous dummy regressors, and income is observed as interval data or subject to right-censoring. Errors are allowed to be arbitrarily correlated across equations subject only to scale restrictions required for formal identification, such that the framework explicitly models correlations between unobserved determinants of drinking and smoking status and allows these unobserved determinants to be correlated with those of income. All of the slope and covariance parameters in the system are estimated using a method of full information maximum simulated likelihood.
The major results are as follows. After correcting for endogeneity, the effect of smoking on wages (-24%) is estimated to be larger in magnitude than that of either drinking absention (-10%) or heavy drinking (2%) relative to moderate drinking. Robustness checks suggest failing to control for smoking when estimating the effect of drinking on wages leads to modest biases in both the effects of drinking abstention and heavy drinking. Similarly, failing to control for drinking status when estimating the effect of smoking on wages leads to underestimation of the smoking penalty. The estimated drinking penalties become larger when occupation is not held constant, and smokers also appear to exhibit substantial occupational sorting. The effects of drinking are robust to stratification on either age or education whereas the deletrious effects of smoking are similar across education levels but appear to be greater in magnitude among younger respondents. Finally, the effects 3 of drinking and smoking change little if health status is not held constant, suggesting unobserved health status is not driving the results.
Data.
Cycles 1 (1985) and Cycle 6 (1991) of the Canadian General Social Survey are the main data sources (hereafter, GSS-1 and GSS-6, respectively). The focus of both surveys is health. Each is a random sample of Canadians aged 15 and over, the former conducted in Fall 1985 and the latter conducted between January and December, 1991. A sample of employed men aged 25 through 59 is extracted. The estimated impacts of drinking and smoking behavior then reflect both effects on wages and on hours worked, however, variation in hours worked among employed prime age men is small so presumably most of the effect represents wage differentials. (Hamilton and Hamilton 1997) .
Since men who are not employed are excluded, the coefficients in the income equation should be interpreted as reflecting variation in wages conditional on employment rather than the determinants of the more fundamental relationship governing both rejected and accepted wage offers.
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After removing observations with missing data, the final sample con-2 A probit regression including the explanatory variables in Table 2 (except occupation dummies) suggests smoking is associated with approximately 2% lower probability of employment (t=1.8). Drinking abstention is associated with 7% lower probability of employment relative to moderate drinking (t=5.7), whereas heavy drinking does not have a statistically or economically significant effect. Mullahy and Sindelar (1996) and Terza (2001) suggest that controlling for endogeneity may reveal a negative effect of heavy drinking on employment. Nonetheless, Zarkin et al. (1998) and MacDonald and Shields (1998) find inclusion of an inverse Mill's ratio term in wage regressions to control for sample selection into employment does not have a significant effect on wage estimates.
sists of 1,701 observations from GSS-1 and 2,190 observations from GSS-6 for a pooled sample of 3,891 observations. Descriptive statistics and definitions of the sociodemographic controls are presented in Table 1 . Nominal prices are deflated using the all-items CPI as reported by Statistics Canada.
Income is measured subject to right-censoring in GSS-1 and as grouped data in GSS-6. The GSS-1 measure is censored at $50,000. The GSS-6 measure is only reported in intervals: $5,000 brackets from $0 to $20,000, $10,000 brackets from $20,000 to $40,000, $20,000 brackets from $40,000 to $80,000, and an over $80,000 group. These measurement difficulties are dealt with explicitly in the construction of the likelihood function, see Section 3 for details.
Following Hamilton and Hamilton (1997) , alcohol use is categorized as one of drinking abstention, moderate drinking, or heavy drinking. An abstainer has not had a drink at least once per month during the last year.
3 A heavy drinker drinks at least once a week and had eight or more drinks in one sitting on at least one occasion in the last week. All other respondents, that is, those who drink at least once per month, but who do not meet the criteria for heavy drinking, are moderate drinkers. The heavy drinking measure requires both frequent alcohol use and an episode of binge drinking, which is a strong predictor of problem drinking (Knupfer 1984) . The indicator also classifies a similar portion of the sample as having a potential alcohol problem as Mullahy and Sindelar's (1989 ) measure based on medical diagnosis of alcoholism, and with estimated prevalences of alcohol dependence in Stinson et al. (1992) .
3 Econometric Framework.
The goal of the analysis is to estimate the causal effects of drinking and smoking patterns on log-income. The analysis is complicated by the nature of the endogenous outcomes: Drinking status is polychotomous, smoking status is binary, and income is observed as grouped data or subject to censoring.
Simultaneous estimation of smoking and drinking status and income using a method of full information simulated maximum likelihood is consequently undertaken.
Suppose that latent income and substance abuse patterns are jointly determined by the system
where W * i is respondent i's latent income and Z i ⊂ X i . For observations from GSS-1, income is reported as a continuous variable unless right censored at W ≡ 50,000 1985 dollars. For these observations, the mapping between the latent wage and its observable counterpart W i = min{W , W * i }. For observations from GSS-6, income is reported in interval ranges as described in the previous section. For these observations, W * i lies in the observable range Formal identification of the drinking MNP submodel can be achieved by normalizing the utility of one outcome to zero and imposing one restriction on the three remaining free parameters in the covariance matrix (Bunch 1991). The utility of moderate drinking is normalized to zero and the variance of 3 is normalized to unity to achieve identification up to scale.
4 Similarly, the scale of the smoking equation is not identified; its variance is normalized to unity.
After the above restrictions are imposed, the nonlinear system is identified by the distributional assumptions even without exclusion restrictions (Maddala 1983 Berger and Leigh (1988) , Kaestner (1991 Kaestner ( , 1994 , Heien (1996) , and Hamilton and Hamilton (1997) . The prices of alcohol and tobacco are likewise assumed to be conditionally uncorrelated with wages, but to influence smoking and drinking decisions Earlier versions of this paper presented estimates of structural forms of the substance abuse equations, which require further (difficult to justify) exclusion and covariance restrictions. Further investigation showed such versions of the model to be poorly identified and sensitive to exclusion restrictions. Writing the substance use equations in quasireduced form precludes estimation of the causal effect of income on smoking and drinking decisions, but avoids these problems. The models reported in the present version of the paper converged rapidly and did not exhibit instability.
restriction, taking the form suggested by Davidson and MacKinnon (1993) , yields a p-value of 0.87, indicating the data do not reject the assumption that the only manner in which religious sentiment and prices affect wages is through their effect on substance abuse patterns. What is more, including the religious status indicators in the income equation reveals they do not explain significant residual variation in income (p=0.62). Nonetheless, the validity of religious status indicators as instruments is questionable on theoretical grounds, and is an issue for further research.
The system is estimated using a method of full information maximum simulated likelihood (FIMSL) implemented using the simulator due to Geweke, Hajivassiliou, and Keane (GHK); see Hajivassiliou and Ruud (1994) for details of the simulator.
6 The FIMSL estimator requires distributional assumptions, but has the advantages of being consistent and simulation consistent, asymptotically efficient up to simulation chatter, and yields an asymptotically correct covariance matrix estimate. The likelihood is derived in the Appendix.
4 Results. The Catholic dummy is positive and significant at the 7% level, indicating
Catholics are more likely to smoke than other religious individuals.
The effects of the sociodemographic characteristics on propensity to abstain from drinking are intuitive. The price of neither alcohol nor tobacco has a statistically or economically significant effect on propensity to abstain from alcohol. However, individuals who are religious are much more likely to abstain (t=9.2), an effect almost exactly offset by Catholicism: Catholics and non-religious men are roughly equally likely to abstain from alcohol. The prices of neither alcohol nor tobacco have significant effects on probability of drinking heavily, although the own-price effect is of the right sign but not precisely estimated (t=1.7). Religious individuals are considerably less likely to drink heavily than moderately (t=3.41), an effect roughly halved for Catholics (t=1.84).
Robustness.
This section reports the results of a number of alternate specifications. First, the effect of estimating the preferred model, II, with the smoking equation removed is assessed. This model replicates the approach taken in most previous work on alcohol and earnings. When smoking status is ignored, the penalty to heavy drinking on log-income changes to -0.005 from 0.025 in the full model, and the penalty to drinking abstention decreases to -0.09 from -0.10. These results indicate that failing to control for smoking status mistakenly attributes some of the smoking penalty to heavy drinking and leads to overestimation of the abstention penalty. However the bias is modest.
Removing instead the drinking submodel -such that income and smoking are estimated simultaneously but drinking status is omitted -results in an estimated smoking penalty of -19% in contrast to -24% in the full model. However, holding physical activity constant had a negligible effect on the drinking and smoking measures in the wage equation. These results suggest that health is not an important mechanism through which smoking and drinking affect labor market outcomes for employed prime-age men. Further, they call into doubt the hypothesis that the wage penalty associated with drinking abstention is attributable to unobserved health problems, because if that were so we would expect the abstention penalty to rise when the health proxy is omitted.
9
In light of previous results that drinking patterns are related to oc-cupational sorting (Kenkel and Wang 1998) , model II was estimated with the occupational dummies removed from each equation. These restrictions resulted in an increase in the drinking abstention penalty to 11% (from 9%) and that of smoking to 27% (from 24%). These results both confirm previous estimates and also suggest that not only do smokers earn less conditional on occupation, they also tend to be in lower-paying occupations than nonsmokers.
The reliability of the estimates depends on the validity of the exclu- Finally, the system was estimated stratifying by age and stratifying by education levels in order to investigate the possibility that the effects of drinking and smoking on labor market outcomes fall mostly on subsets of the population. The estimates of the effect of drinking on incomes are remarkably 14 similar across age and education levels: college graduates and respondents with lesser education had 11% and 9%, respectively, lower wages if they were abtainers, and similarly estimation using only younger (<40) workers yielded results for the drinking measures very similar to estimation using only older respondents. However, the negative effects of smoking were found to be considerably higher for younger or for better educated workers. The sample of younger workers experiences and the sample of individuals with college degrees or better education each experience 32% lower wages if they are smokers. Conversely, there was no statistically significant effect of smoking on wages for respondents education lower than a college degree, and the effect of smoking on income for older workers was about 12%.
Concluding remarks.
A large literature on the "alcohol-income puzzle" frequently reports a positive effect of moderate and even heavy drinking on wages, even when controlling for the endogeneity of alcohol use. This study investigates the effects of also controlling for endogenous smoking status when estimating income equations including drinking pattern indicators. A novel econometric strategy is developed which is appropriate for estimating causal effects when the equation of interest is limited and contains multiple endogenous dummy variables driven by, alternately, probit and multinomial probit submodels.
After controlling for the endogeneity of substance abuse patterns to income, moderate drinking is estimated to cause 10% higher income than 15 drinking abstention and 2% lower income than heavy drinking. These results are robust to specification and whether or not use is treated as endogenous.
Further, although it has received little attention in the literature, smoking is estimated to cause larger changes in income than drinking. Daily smoking is associated with 8% lower income in single-equation estimates, and system estimates suggest smoking causes 24% lower wages. A mechanism driving this result may be higher rates of injury and lower compensating differentials for dangerous work among smokers (Viscusi 2001) . This effect of smoking on wages is, however, sensitive to stratification by age or by education, with younger and better educated workers estimated to more harmed in the labor market by smoking. The result with respect to drinking are robust to these stratifications. Appendix: 
The matrixes for individuals who are moderate or heavy drinkers, ∆ M and ∆ H , are defined analogously.
The sample log-likelihood can then be expressed:
where φ(·; V ) denotes the multivariate normal density with mean zero and Note: Omitted categories as in Table 2 . 
Figure:
Effect of substance abuse pattern on income, by estimation method. Point estimates and 95% confidence intervals. OLS is linear regression using income midpoints. Maximum likelihood (ML) estimates treat use as exogenous, and full information maximum simulated likelihood (FIMSL) estimates treat drinking and smoking as endogenous.
